INTRODUCTION
The biggest challenge for tea growers nowadays, is to produce tea without pesticide residues. There is a growing demand for residue free tea, or at least low pesticide residue tea, in the highly industrialised countries and this property of tea is being well paid off. Tea plant diseases are usually caused by fungi, bacteria, alga and viruses. Also there are other diseases which are caused by adverse environmental conditions. There are numerous characteristics and behaviors of such plant diseases in which many of them are merely distinguishable. So the ability of tea leaf disease recognition in earlier stage is an important task. There is a risk of introducing new diseases into the state through infected plants even when they do not have obvious disease symptoms.
Technological advancement is gradually finding its applications in the field of agriculture.Some works have been done on recognition of rice diseases, citrus diseases, crop diseases, wheat leaf diseases, Betel vine plant diseases etc.The system proposed in [16] presents a SVM-based Multiple Classifier System (MCS) for pattern recognition of wheat leaf diseases. Based on the infected images of various rice plants the paper[13] describes a system for rice disease detection. Using an approach [5] that regularizes and extracts eigen feature from image and developing and decomposing scatter matrix cotton leaf diseases also identified. Design and implementation of an artificial vision system which extracts specific geometric and morphological features from plant leaves presents in paper [17] . The proposed system consists of an artificial vision system, a combination of image processing algorithms and feed forward neural network based classifier. A fuzzy surface selection technique for feature selection was used. Based on support vector machines a prediction approach for developing weather based prediction models of plant diseases is proposed in paper [7] . The performance of conventional multiple regression, artificial neural network (back propagation neural network, generalized regression neural network) and support vector machine (SVM) was compared. It was concluded that SVM based regression approach has led to a better description of the relationship between the environmental conditions and disease level which could be useful for disease management. Another paper [2] proposed Back propagation neural network for recognition of damaged leaves. It was proved that just a back propagation network and shape of leaf image is enough to specify the species of a leaf.
In the proposed approach, Statistical color wavelet features [19] have been encountered in this texture analysis scheme, for the discrimination of normal and abnormal leaves. The proposed detection scheme involves a novel feature extraction technique based on a discrete wavelet decomposition applied on RGB color spaces and statistical analysis of the wavelet coefficients associated with the color bands. The wavelet features are based on second-order textural information [14] estimated on the domain of the discrete wavelet decomposition of each color band of an image. In this paper, the textural characteristics [12, 15] estimated on the color discrete wavelet transform give valuable information about the set of features that produce the most discriminant subspaces for normal/abnormal leaves. The proposed scheme was tested on real data sets of tea leaf. Adaptive Neuro Fuzzy Inference System (ANFIS) has been used as the classification purpose. ANFIS captures the advantages of both neural network and fuzzy system. So it performs well in classification comparing to other techniques.
The rest of the paper is organized as follows: Section 2 gives a brief concept of color texture analysis.In section 3 theory of AN-FIS is discussed. Experimental structure of our system is shown in section 4. Section 5 discusses the results of proposed experiment.
COLOR TEXTURE ANALYSIS
Color texture analysis [12, 19] is based on the combined information from both color and texture fields of the image. Texture processing [18] was mainly focused on the use of gray-level image information. More research on this study led to the conclusion that the introduction of color information, especially by calculating grayscale texture features on the different color channels [3] , significantly improves color texture classification. Other approaches that have taken into account the correlation of texture measures between the different color channels [4] , have shown that color texture information can also be found in the way color channels are related to each other [10] .However in this study we have considered only RGB color space.
THEORY OF ANFIS
Fuzzy sets were introduced by Zadeh (1965) [9] , to represent and manipulate data and infor mation in which there are various alternative uncertainties. Ten years later, he introduced fuzzy logic [8] which is based on fuzzy set theory and represents an element into a certain degree of membership function usually taken as a real number between 0 and 1. Fuzzy sets can be considered as an extension of crisp set theory. The membership function, often given the designation of , is the essence of fuzzy sets. A membership function is a curve that defines how each point in the input space is mapped to a degree of membership usually taken as a real number in the interval [0,1].
In general, the steps involved in developing the fuzzy system are as follows:
• Specify the problem and analyse the purpose.
• Define linguistic variables to determine the fuzzy sets for antecedent(s) and consequent(s). • Construct fuzzy rules.
• Identify and apply appropriate methods for fuzzification, fuzzy inference and defuzzification. • Evaluate and tune the system.
Fuzzy inference system (FIS) is a process of mapping from a given input to an output using the theory of fuzzy sets. Characteristics of the adaptive neural fuzzy inference system close to the neural fuzzy system, significant results model of the nonlinear function. Adaptive Neuro-Fuzzy Inference System in the membership function parameters to focus on extracting information from the description of system performance. The ANFIS through the adjustment of system parameters of the specified error standard, and the data to focus on learning characteristics. Today, ANFIS has been used in classification and data analysisIt works similarly to that of neural networks. Using a given input/output data set, ANFIS constructs a fuzzy inference system (FIS) whose membership function parameters are tuned (adjusted) using either a backpropagation algorithm alone or in combination with a least squares type of method. This adjustment allows the fuzzy systems to learn from the data they are modeling. Assume that the fuzzy inference system has two inputs x and y and one output z. A first-order Sugeno fuzzy model has rules as the following:
Rule1: If x is A1 and y is B1, then f1 = p1x + q1y + r1
Rule2: If x is A2 and y is B2, then f2 = p2x + q2y + r2
Here, 
EXPERIMENTAL MODEL OF PPROPOSED SYSTEM
As stated earlier, our proposed system has mainly two stage. The detection stage (image preprocessing) and the recognition stage (ANFIS Noises are removed from the images. Then images are normalized to a fixed size. For extracting gray level features, image must be converted to threshold image. But main concern in this study is about wavelet features.
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Color Wavelet Feature Extraction
The proposed approach is based on the extraction of color textural features [11] . These features are estimated over the secondorder statistical representation of the wavelet transform [1] of the color image. Since each feature represents a different property of the examined region, we consider as valuable information the covariance among the different statistical values between the color channels of the examined region. The extraction of the CWC vector [12] can be described in the following steps [6] .
(1) The original color image is decomposed into three separate color bands. (2) Each image is then transformed according to a threelevel 2-D discrete wavelet transform by using decomposition functions that follow the properties of the wavelet. The detail coefficients of the middle decomposition level are considered for further processing. 
Training ANFIS
In the training of ANFIS, it learns through adjusting its weights which is a supervised learning algorithm. Training ANFIS sufficiently in an iterative process, the weights are adjusted. For training Purpose MATLAB 2015a toolbox has been used. Some of the Collected features of tea leaf images have been reduced while other features are the inputs of ANFIS system. Three types of affected leafs of tea have been used as input to train. Each type has 15 samples that make 15 x 3 = 45 samples of pre-defined images of same pixel size. ANFIS can recognize any of 3 types of diseases.
RESULTS AND DISCUSSION
The correct diagnosis performance of ANFIS based tea leaf disease daignosis system is estimated by using sensitivity and specificity analysis and classification accuracy performance evaluation methods, respectively.
In this experimental study, 45 samples were used for training and another 30 samples for testing the system. Among the datasets about one third are affected leaf and rest are unaffected.
Sensitivity and Specificity analysis
Sensitivity (also called the true positive rate, or the recall in some fields) measures the proportion of positives that are correctly identified.
Specificity (also called the true negative rate) measures the proportion of negatives that are correctly identified.
The obtained values of sensitivity and specificity by using AN-FIS based system for tea leaf disease diagnosis are given in Table  1 . 
Classification Accuracy Analysis
accuracy of a measurement system is the degree of closeness of measurements of a quantity to that quantity's true value.
The classification accuracy by using ANFIS based system for tea leaf disease diagnosis are given in Table 2 . From the table above, it is clear that proposed system has higher accuracy than other methods.
CONCLUSION
In this paper, a novel methodology for tea leaf disease diagnosis has been presented. For extraction of color tea leaf image features, covariances of the second-order statistical measures are calculated over the wavelet frame transformation of different color bands. Adaptive Neuro Fuzzy Inference System based tea leaf disease diagnosis system obtains very promising results. Decisions ca be taken that, color wavelet analysis performs better than other feature extraction methodologies. Again, ANFIS proves to have more classification accuracy for disaese recognition. In future we will work on ANFIS based lung cancer detection system using color wavelet features.
